addressing the oft-mentioned crisis of representation in ethnography (Atkinson & Coffey, 1995; Clifford, 1988; Marcus & Fischer, 1986) . New computer-mediated communications technology makes it easier to represent the messy complexities of the postmodern era. In a sense, the technology we explore serves a prosthetic (cybernetic) function, enabling the researcher to capture and preserve the interaction with the "field" more adequately than currently possible and to aid with the analysis and representation of the material. However, such technologies should not simply be naturalized. A camcorder is not just a tool for enabling us to remember better; a computer is not just a labor-saving device for the analysis of data. As researchers, we interact differently with the field depending on the tools we employ, and the field reacts differently to us. Walter J. Ong (1992) claimed that "writing is a technology that structures thought," and digital tools, when used in ethnography, are as meaningful and as powerful as the acts of writing, participating, and observing. While avoiding naïve forms of technological determinism, we will make various observations about the use of digital technology in all phases of the ethnographic process: from inception to representation.
USING HYPERMEDIA IN THE FIELD
A hypermedia ethnography requires reconceptualizing the nature of social research from its outset. Our research featured, among other more traditional interviewing and participantobservation techniques, "fly-on-the-wall" style filming of the guides at a local heritage park as they conducted their visitor tours. Simultaneously, we handed visitor groups a digital camera so that they could record their own images and provide us with an alternative perspective. Many studies on the use of technology in the field focus on the practicalities of employing the equipment (e.g., Agar, 1980; Hammersley & Atkinson, 1983; Howard, 1988; Jackson, 1987; Fischer, 1994) ; it is our contention that the employment of new technologies informs every aspect of the project, opening up new possibilities and modes of interaction and potentially closing others.
Hypermedia technology offers researchers the potential to exploit a range of media in ethnographic projects and to appreciate how each medium-whether printed word, sound, video, still image, or audio-brings its own characteristic meaning-making capabilities (cf. McLuhan, 1964) . Rather than seeing the visual and aural dimensions as merely illustrations or add-on extras that complement the printed word, hypermedia allows these media to act as equal (although not equivalent) sites for the production of meaning (Kress, 1998; Marcus, 1994) . However, there are certain issues that arise in the ethnographer's encounter with video in a hypermedia environment. Some of these are familiar to visual ethnographers, who have been working with film and video for decades. Others are posed more particularly by the hypermedia challenge itself and arise through the particular demands of combining different media into one environment.
The first dilemma arises as soon as filming begins. Whereas the traditional fieldworker will take copious field notes, using the full range of human senses and supplementing this with technological back up where needed (e.g., in the form of tape recorders), video ethnographers will spend considerable periods merely filming. Where they are the sole fieldworkers, the demands of operating the camera can all too easily obscure the social activity happening all around and narrow the field of vision to merely the action that is "filmable" (Barbash & Taylor, 1997) . The video ethnographer is always confronted by a tension between the demands of visual recording (for visual impact and visual significance as well as more mundane technical requirements such as good lighting, the positioning of subjects, adequate sound, and so forth) and the challenges posed by the need for ethnographic rigor (Biella, 1993a (Biella, , 1993b Weinberger, 1994) . This tension between the aesthetic and the record-ing functions of film and video technology is a key issue for visual research. The camera is never a mere extension of the ethnographer's eye, as the visual plane of meaning works through sense-making conventions that are bound up with both a cultural aesthetics and a politics of looking (Hastrup, 1992; Morphy & Banks, 1997) .
There is another issue to touch on briefly: the nature of team work in hypermedia-based social research. The traditional model of research features a lone researcher who makes a sortie into the field to collect data, brings back field notes to analyze, and then writes a monograph. A hypermedia-based project is probably too complex for one person: It requires the ability to use a camera, proficiency with a wide range of audio-visual equipment, and facility with a wide range of software. In many ways, these are the problems that visual ethnographers have faced for many years (Asch, 1988; Chiozzi, 1989) . We are working on a team-of-generalists model in which the authors have overlapping skills as both ethnographers and cultural analysts and different areas of expertise: one in hypertext theory and one in visual ethnography. A team-of-generalists model allows us to try to avoid setting up the boundaries that may result from the ethnographer-camera operator split that often characterizes visual ethnography (Barbash & Taylor, 1997) while simultaneously recognizing that each researcher needs to bring something unique to the project. Following Weaver and Atkinson (1994) , we propose that hypermedia-authoring programs have the potential to enable a richer and more creative interaction with data than the familiar code-and-retrieve paradigm seen in standard Computer Assisted Qualitative Data Analysis Software (CAQDAS) programs. There has been much debate about the implications of CAQDAS, its failings, and its abilities (Coffey et al., 1996; Dicks & Mason, 1998; Lee & Fielding, 1996; Weaver & Atkinson, 1994) . Rather than repeating such debates here, we will instead describe some of the methods we have used in our project.
USING HYPERMEDIA IN THE OFFICE

Hypertext and Analysis
The intent of the hypertext strategy is to take advantage of the associative nature of hypertext linking. As originally envisioned by Vannevar Bush (1945) , hypertext was a form of informational retrieval. Bush was concerned that the amount of data being generated was outstripping researchers' accessing abilities. He reasoned that as human cognition tended to work in an associative manner, then a method of retrieval and indexing that featured associative links would be easier to use. In social research, hypertext enables the in situ linking of data segment to data segment as well as to interpretative texts authored by the researcher, whereas the traditional code-and-retrieve paradigm links data to hierarchical codes that run the risk of decontextualization from the discourse as a whole (Weaver & Atkinson, 1994) . Data are no longer considered to be a series of quotable excerpts but are coherent networks of associative links. Hypertext thus potentially enables a more holistic interaction with the data.
We used two related strategies in pursuing hypertextual data analysis: reference nodes (for paradigmatic categorization) and path creation (for syntagmatic linking of data elements and analytic texts into interpretative pathways). The data were imported into StorySpace, a hypertext authoring program originally developed for the construction of hypertext fiction. The program allows for rapid import of plain text files and has fairly sophisticated linking abilities. Each data element, whether textual report, still photograph, or transcribed interview, was then attached to an associated reference node and links were created to the data. Each link was given a name based on what it referenced. For example, whenever the subject of memorialism is mentioned in the data, a link named memorialism is created from the relevant part of the data to the reference node for that piece of the data. In a manner not dissimilar to coding, the researcher can progressively reread and/or revisit the data and refine the various links. StorySpace can then depict these links and the data's relation to the reference nodes with various graphical views. Figure 1 below shows a screen capture of the reference node and the various data links for an interview with a participant named Ivor.
The lower window is a part of the interview showing the end point of a link. The left-hand side of each window shows which nodes belong on the path named *memorialism. A similar process can be used with still images, with portions (or all) of the image being capable of being linked to other segments of data or reference nodes. The version of StorySpace we used dealt only with text and still images 1 , and we had to incorporate our video data at a later stage using the hypermedia-authoring program Authorware (from Macromedia). This software allows video and sound data to be synchronized on screen to develop visually arresting presentations while still allowing multidirectional hypertext navigation. However, the incorporation of video data confronts the researcher with a new set of problems, as we shall now see.
Video and Analysis
The question of how to analyze video data to construct scholarly argumentation is a particularly difficult and underdeveloped area (Biella, 1993a (Biella, , 1993b . Visual ethnography does not traditionally include a period of analysis that precedes the postproduction or editing stage (Barbash & Taylor, 1997) . As with field notes, however, the ethnographer's videotapes will need to be sifted through in a process of selection (by digital video capture on computer), which identifies particular sequences and shots that represent interpretative categories. This is a process that represents the video equivalent of immersing oneself in the field notes and categorizing the data. With video film, the researcher has a record of many different aspects of the field setting. The video camera records an enormous amount of data, which cannot be matched by even the most rigorous field notes. Unlike interview transcripts, these will include nonverbal communication such as facial expression and gesture as well as spatial features such as topography, movement, and so forth. The selecting out of film data for capture has to balance three aspects: the desire to exploit the full range of video data available, the equal need to ensure "viewability" and aesthetic and/or scholarly sense making, and the humdrum fact that computer storage capacity for video is still extremely limited.
In theory, decisions about which sections of video data to capture could correspond to the decisions made when coding an interview transcript. However, the point of coding a printed transcript is to categorize the data into related chunks that can then be analyzed together (through decontextualization and recontextualization or cut and paste). This is the process with which CAQDAS programs assist so effectively. In visual ethnography, however, it is simply not feasible to manipulate digital video data in this way, at least given current limitations on computer memory. Because video data have to be written to computer disc before they can be cut, pasted, or otherwise manipulated, researchers cannot afford the space to capture a fraction of the data that their coding frame would require. Instead, analysis of the video data will need to be done before any of the data are captured to computer disk. As software development for electronically tagging and labeling video data on computer screen is still in its infancy, researchers will probably have to rely on traditional techniques of video logging, with a pen and pencil at hand.
Furthermore, the question of whether traditional coding is at all appropriate for video analysis will first need to be confronted. In our own project, we had video data of two kinds: video of sit-down interviews and video of participants engaged in natural action. Although the former can be treated in a similar way to traditional interview transcripts, with the added level of meaning that nonverbal communication conveys, natural action cannot easily be reduced to a finite number of categories. Instead, researchers will need to adopt a more flexible and interpretative approach to the data, which does not try to break it down into categories based on the same procedures as used for textual analysis.
USING HYPERMEDIA FOR REPRESENTATION
The intent behind our project is to explore the creative as well as analytic potential of digital technology. Experimental ethnography has attempted to broaden the representational repertoire of ethnographies, and hypermedia expands those possibilities. Similarly, recent ethnographies have tried to represent the complexities of the social world through a more fragmentary and reflexive literary style (Borchard, 1998; Dorst, 1989; Marcus, 1994b) . Thus, there are already moves that challenge "traditional" linear print-based monographs. Using hypermedia, we have tried to balance the innovative nature of the medium with the requirements of rigorous academic writing. In ethnographic writing, we suggest, these will inevitably include the need for linearity and sequentiality, at least in places, to furnish the credibility of academic argumentation (Dicks & Mason, 1999 ; see also Biella, 1993a Biella, , 1993b . In what follows, we explore different means of organizing narratives and sequences in ethnographic hypermedia, first, by considering its written elements (hypertext) and second, by exploring what happens when we add in video and sound (hypermedia).
Hypertext
At its simplest, a hypertext consists of two or more textual entities (nodes), with some method that allows the reader to progress from entity to entity (links). Links between nodes may be basic in that they merely close one node and open another at its beginning, or they may be anchored in that either the source or the target (or both) of the link may be a subpart of the node (often known as text links). For example, selecting a link that is a quote from an informant might take the reader directly to the section of the interview in which the quote is uttered. Consequently, any node may have multiple links to and from other nodes. It is this interaction between multiple linking and nodes that creates the greatest potential, and greatest challenge, for hypertext authors.
Hypertext writing opens up many varied potentials for the representation of scholastic argumentation. As with any medium of expression, hypertext is amenable to specific rhetorical strategies and literary devices. To date, the major investigations into experimental hypertext writing have been carried out in the field of fiction, most notably, the authors Stuart Moulthrop (1991) and Michael Joyce (1996) , although explorations of the use of hypertext for academic writing are beginning to appear, for example, David Kolb's (1994) philosophical hypertext Socrates in the Labyrinth, Diane Greco's (1995) Cyborg, and Wendy Morgan's (1999) postfeminist hypertextual reworking of Monstrous Angels. We will briefly explore some of the issues addressed by these authors and the strategies they have employed.
The first dilemma in hypertext authoring tends to be the tension between freedom and control. Hypertext potentially opens up the text through multiple linking, allowing readers the opportunity to generate unpredictable reading paths. Given this, how do authors, especially those dealing with scholastic argumentation, simultaneously orient readers toward intended readings while allowing readers to discover their own pathways through the hypertext? 450 SOCIAL SCIENCE COMPUTER REVIEW Second, how do authors ensure that the multiple choices are not so bewildering that readers find the hypertext impenetrable? For fiction writers, this tension causes other difficulties. For example, consider a character, Lucretia, who has just died (i.e., the reader has just read the node containing Lucretia's death). How can the hypertext be constructed so that, having encountered her death, the reader does not then stumble on a node in which she is still alive? In a complex hypertext (e.g., Joyce's [1996] Afternoon: A Story contains 539 nodes and 951 links, Deena Larsen's [1996] Samplers contains 238 nodes and 2,038 links), ensuring that Lucretia stays dead is a major task. Whether we write as ethnographers with a scholarly interpretation to present or as fiction authors with a story to reveal, we are faced with the same issue: How do we create narrative progression in hypertexts? Creating navigational strategies has been the major concern of hypertext authors, and we can see emerging two major foci of attention: linking strategies and hyperstructures.
LINK TYPES
As noted above, links can be subdivided into two types: basic and text links. Any adequate hypertext-authoring system is capable of making such a differentiation. Furthermore, links can be named, and consistent, principled use of link names can help construct a semantic map of the hypertext. Finally, links can be conditional or dynamic rather than static. A conditional link is one that has different targets depending on whether certain conditions have been met; for example, some links could have different targets depending on whether the node containing Lucretia's death has been read. Dynamic links allow the use of various other kinds of limitations for restricting navigational directions.
Basic links can be used to create a default option at each node. For example, Joyce's (1996) Afternoon starts with a node that muses about poetry and recollection to an unnamed listener. Subsequently, 19 "hidden" links lead to various parts of the hypertext, and following any of them can disorient an incautious reader. The 20th link, however, is a basic link triggered by taking the default action of pressing the enter key; if the reader takes this option, then he or she may progress through 32 nodes taking the default option each time. By so doing, the reader gains a base-level insight into the characters and plot of the novel. Once the end of this default path has been reached, the reader may then back track and investigate various text links to experience the story in more depth.
A more complex use of links comes from using link naming to create paths. A path is a collection of nodes that are referenced by links of a certain name. Each node is then conceptually part of a theme or subject, and the reader may choose to follow this path in whole or part to explore its subject. For example, one of the paths in our hypertext, which we call the identity path, concerns the transformation of an old colliery into a living heritage museum: Every node that is connected to another node by a link named identity is part of this path. Several different paths exist in our work, which we call tours, and the reader's first interaction with the hypertext is in an introductory node called the Tour Hall in which the reader can choose which tour to explore. Paths thus provide local structure within a hypertext and are used extensively by Kolb (1994) in his philosophical hypertext to structure the argumentation.
Links can also serve a rhetorical function. For example, it is possible to create links that support, refute, exemplify, or otherwise comment on propositions contained in nodes. By using the appropriate link name, for example, supports, the reader can be made aware of what relationship the node at the other end of the link bears to the current node (see Barbules, 1998) . There are, of course, many different possible link functions. Links can be used disjunctively, for instance, taking readers to other nodes without obvious relationships as a challenge to narrative closure. Links can also function lyrically, aesthetically, and narratively.
It should be noted, however, that link technology is still in its infancy. The most commonly used form of hypertext, HTML on the World Wide Web, can handle basic and text links but has no simple way of managing conditional or dynamic linking. Similarly, HTML is currently incapable of creating names for links. The most widely used authoring package for hypertext, StorySpace, features most of the features discussed above, but hypertext authors are always looking for new forms of link capabilities, such as the ability to preview the destination of a link before selecting it. Also, as will be discussed later, hypertext linking is somewhat challenged when authors attempt to include nontextual media in the piece.
HYPERTEXT STRUCTURES
Hypertext authors are beginning to explore the different possibilities of what Ted Nelson (1987)-a hypermedia pioneer-called nonsequential writing, but which we suggest thinking of as multisequential writing. In particular, complex linking strategies enable new narrative structures. Kolb's (1994) Socrates in the Labyrinth details various structures and experiments with them in four subsidiary hypertexts. Perhaps the most convincing structure he uses, and the one that has become most widely adopted, is the cycle. Here, after following a path, the reader ends up back at the beginning-but when the cycle is begun again, the path mutates: By inserting conditions into base links, a different set of nodes is encountered each time around. Kolb expanded this in "Earth Orbit," which has cycles of argumentation that spawn other cycles, forming what appears to be a series of orbits around a central theme. Figure 2 shows how Kolb demonstrated this. Kolb (1994) also explored the possibility of a pyramidal structure of hypertext in his hypertext "The Habermas Pyramid." The top level consists of a series of postulates, each one of which is a link. Selecting any of the links takes the reader down a step of the pyramid into a more detailed set of postulates, each of which is also clickable, allowing the user to move down a further level until the bottom of the pyramid is revealed. For example, Figure 3 shows the top level of the pyramid (Part 1) and the window (Outline 1) that opens up when the first postulate "For Habermas, modernity brings differentiation and self-consciousness" is clicked.
An alternative approach is taken by Moulthrop (1991) in his hyperfiction text Victory Garden. Written in response to Joyce's (1987) heavily controlled Afternoon, Moulthrop's hypertext has a map as its main point of departure. By selecting various parts of the map, readers can explore the garden, meeting a variety of characters and encountering a series of events as they gradually makes sense of the narrative.
Each of these strategies has been described to give an idea of some of the possibilities open to authors in hypertext; it is by no means an exhaustive survey. For our work, we combined several of these strategies. Our overarching metaphor is that of ethnographer as guide, treating the reader as a visitor to the hypertext. The heart of the hypertext consists of several tours focused on specific issues. Each tour features a basic link from node to node so that a reader can follow the tour in a simple way. Text nodes can take the reader into less-structured excursions on optional parts of the tour. Through the consistent use of a hypertext structure, enabling readers to understand where they are in relation to the whole, as well as consistent navigation strategies to aid in understanding where their choices will lead them, we hope to minimize reader disorientation.
The use of such strategies allows authors to attempt to more fully portray the rich complexity of social phenomena than is possible in a printed linear text. Atkinson (1990) has noted the poetics of ethnographic writing and its role in conveying narrative and authenticating statements; hypertext offers new poetics for the ethnographer to explore (Dicks & 452 SOCIAL SCIENCE COMPUTER REVIEW Mason, 1999) . The promise of hypertext also lies in its ability to open up scholarly texts. In social research, this can be realized by making much, if not all, of the data accessible to readers. When using the hypertext computer environment to help analyze the data, developers create various links and structures that may not appear in the final, authored hypertext. It is a relatively simple task to make these available to readers so that they can trace the creation of ideas and interpretations developed by ethnographers. In addition, readers can, in most hypertext reading programs, create their own links and add in their own notes and comments. Thus, readers can explore the narratives constructed by the authors, browse through the hypertext guided by their own interests, or even move into the "backstage" area of the data and create their own interpretations. Consequently, we can say that hypertext not only aids researchers' interaction with the data but also provides for a richer interaction between readers, researchers, and data.
Hypermedia
Hypermedia integrates multimedia components such as video and sound into hypertextual structures. In terms of presentation, hypermedia allows a certain amount of cross-media linking (e.g., from printed word to video clip or still image; see Figure 4 ). In practice, however, printed-medium material can be far more easily hypertextualized than video data-the technology is simply more advanced. Consequently, we run the risk of letting the video dimension slip back into its conventional, merely illustrative role. This is a problem that may well be solved by new technological developments on the horizon-new versions of various hypertextual data analysis and authoring programs claim to be able to handle all kinds of media. The problem of linking video to text and vice versa can best be understood through references to Lynda Hardman's (1997) conceptualization of space and time in hypermedia. An image on a computer screen exists in a spatial dimension but has no temporal dimension. On the other hand, a sound clip played by a computer has no spatial presence but exists purely along a temporal axis. A video clip exists along both dimensions. To create a link from or to an image requires the ability to select a spatial area; to create a link to or from a sound clip requires setting up a temporal link. Integrating spatial, temporal, and spatiotemporal links has proved technologically challenging. Furthermore, text links function on neither of these dimensions. To integrate multimedia into hypertext requires every multimedia object to be specified in terms of relations of space, time, and textuality. At present, there is no software that manages this, although the proposed convergence between synchronized multimedia integration language for the Web (SMIL) with the Xlink working group drawing up protocol to extend the range and complexity of linking on the Web shows promise.
Finally, the presentation stage of research throws up a further set of decisions to be made for the incorporation of video material into the hypermedia environment. Hypermedia tends to encourage a fragmented approach to presentation, with writing broken down into small screens of information and argumentation that are easy on the eye, as in Figure 4 . Clearly, video clips too could be kept brief, even to the level of single-shot sequences. However, the meaning of the moving image is produced through the syntagmatic combination of shots via montage as well as the paradigmatic plane of mise-en-sce# ne (Marcus 1994a) . As words gain meaning through their combination into creative sentences and narratives with their own rhe- torical devices, so does audio-visual material produce meaning through sequences of clips edited together. One option is to take advantage of this by using a video-editing program (such as Adobe Premiere) to create mini films to convey meaning. Again, this decision has to be balanced against the problems of computer storage requirements and the rudimentary state of current linking technology.
CONCLUSION
At this time, it is still not possible to store, analyze, interpret, and author hypermedia data in one medium. Storage problems make the analysis of video problematic while there is still no program that can handle complex hypertextual linking and synchronize multimedia elements. In our project, we are using StorySpace to analyze data and develop the hypertext structure and then Authorware to handle complex synchronization for authoring. However, new technology is rapidly appearing.
• Digital Versatile Disc (DVD) can store approximately 10 times the amount of information than a compact disc can, making it possible to store and organize larger amounts of video data.
• Hypertext-authoring packages such as StorySpace are gradually incorporating more and more multimedia elements.
• Web-based delivery of multimedia is also improving. In particular, the emergence of SMIL, allied to new innovations in link technology for the Web, means that Web-based delivery of hypermedia environments is beginning to be feasible.
• It is also likely that collaborative hypertextual systems, which are still somewhat experimental, will become more robust, allowing for the possibility of an online ethnography that could be added to by other researchers. 
